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ABSTRACT 
 
Transesterification of palm oil with methanol is investigated under a heterogeneous 
catalysis system. Biodiesel or biofuel is a great solution in greenhouse problems emitted 
by petroleum diesel. The supported alkali metal catalysts, LiNO3/Al2O3, with active 
metal oxides formed at calcinations temperatures of 550 ◦C. The catalysts will be 
characterized using the Fourier Transform Infra Red (FT-IR), Atomic Absorption 
Spectrophotometer (AAS) and Thermo Gravimetric Analysis (TGA). The Palm oil and 
methanol will be mixed with LiNO3/Al2O3 in a 250-mL three-neck round bottom flask 
equipped with a condenser and an overhead stirring motor. The methanol/oil molar 
ratios will be varied between 6.5. The mixture will be heated to a controlled temperature 
by water bath at 40 to 60 
o
C and the stirring speed is at 400rpm. The sample from the 
reaction mixture will be collected and kept in overnight. After been kept overnight the 
samples is settled into two layers. Finally, gas chromatography is used to analyze the 
product and the desired peak obtained from the GC analysis is compared with the 
standard calibration. The suitable conditions for the transesterification of palm oil with 
methanol/oil ratio 6.5, temperature 60
o
C, and reaction time are 3 hours and loading 
lithium nitrate 10wt%, respectively in conversion of 93 %. 
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ABSTRAK 
 
Proses pengesteran minyak sawit dengan metanol menggunakan pemangkinan 
heterogen. Biodiesel atau bahan bakar biologi adalah satu jalan penyelesaian kepada 
masalah rumah hijau yang disebabkan oleh minyak petroleum. Disokong pemangkin 
logam alkali, LiNO3/Al2O3, dengan oksida logam yang aktif yang terbentuk pada suhu 
550 ◦ C. Pemangkin akan dicirikan menggunakan penjelmaan Fourier Transform Infra 
Red (FT-IR), Penyerapan Spectrophotometer Atom (AAS) dan Termo gravimetrik 
Analisis (TGA). Minyak sawit dan metanol akan bercampur dengan LiNO3/Al2O3 
dalam 250-mL tiga leher bahagian bawah kelalang bulat yang dilengkapi dengan 
pemeluwap dan kacau magnet. Nisbah molar metanol / minyak adalah 6.5. Campuran 
akan dipanaskan kepada suhu terkawal dengan mandi air pada 40 hingga 60 oC dan 
kelajuan kacau di 400 rpm. Sampel daripada campuran tindak balas akan dikumpul dan 
disimpan semalaman. Selepas disimpan semalaman sampel akan terbentuk dua lapisan. 
Akhirnya, kromatografi gas yang digunakan untuk menganalisis produk dan puncak 
yang diingini yang diperolehi daripada analisis GC berbanding dengan penentukuran 
piawai. Keadaan yang sesuai untuk transesterification minyak sawit dengan metanol / 
nisbah minyak 6.5, 60oC suhu, dan masa tindak balas adalah 3 jam dan jumlah 
digunakan LiNO3 ialah 10 wt%, dengan peratus penghasilan ialah sebanyak 93.00%. 
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CHAPTER ONE 
 
 
INTRODUCTION 
 
 
1.1 BACKGROUND OF STUDY 
 
Biodiesel, derived from vegetable oil or animal fats by transesterification with 
alcohol like methanol and ethanol, is recommended for use as a substitute for petroleum 
based diesel mainly because biodiesel is an oxygenated, renewable, biodegradable and 
environmentally friendly biofuel with similar flow and combustion properties and also 
low emission profile (Altin and Selim, 2001). It helps to reduces global warming gas 
emissions such as carbon dioxide. Biodiesel has no aromatics, almost no sulfur and 
contains 11% oxygen by weight. These characteristics of biodiesel reduce the emissions 
of carbon monoxide, hydrocarbon and particulate matter in the exhaust gas compared to 
petroleum based diesel fuels (Peterson and Hustrulid, 1998). 
 
Due to the good properties and the environment improvement, many countries 
pay much attention to research and development (R&D) of biodiesel industry and 
constitute favorable legislation for it. More than 2.7 million tons biodiesel in 2003 was 
made in Europe, and 8-10 million tons is expected in 2010 (Altin and Selim, 2001).  
 
Unfortunately, many of these feedstocks contain large amounts of free fatty 
acids (FFAs). These FFAs react with alkali catalysts to produce soaps that inhibit the 
fatty acid methyl esters (FAMEs) formation (Gerpen et al, 2004). In the case of the 
vegetable oils that contain up to 5% FFAs, the transesterification reaction can still be 
catalyzed with an alkali catalyst. However, additional catalyst must be added to 
compensate for the catalyst lost to soap. This soap can prohibit the separation of the 
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methyl ester and glycerol and also contribute to emulsion formation during the washing 
step (Gerpen, 2005). 
 
Currently, compared to petroleum based diesel, the high cost of biodiesel is a 
major barrier to its commercialization. It is reported that approximately 70%-85% of the 
total biodiesel production cost arises from the cost of the raw material (Fukuda et al, 
2001). Use of low cost feedstock such as waste cooking oil (WCO) should help make 
biodiesel competitive in price with petroleum diesel. Everywhere in the world, there is 
an enormous amount of waste lipids generated from restaurants, food processing 
industries and fast food shops everyday (Mittlebach and Gangl, 2001). 
 
1.2  PROBLEM STATEMENT 
 
Petroleum price is undoubtedly agreed to be very unstable. At some point the price 
roars to maximum price. This sort of trend has affected the world economic growth. 
Each human being in this mother earth can feel the effect of economic crisis that is 
mainly caused by unstable price of petroleum. Thus, by using biodiesel as alternative, 
the problem could be tackle. 
 
Malaysia is famously known as one of the producer of palm oil. It has the potential 
to lead the way in biofuel production looking at its vast production of palm oil. By using 
palm oil, Malaysian would have a consistent supply and provision to replace the usage 
of diesel petroleum. Besides palm oil is also one of the most highly efficient feedstock 
for biodiesel compared to other vegetable oils. 
 
A conventional operation of biodiesel usually uses alkali metal such as Lithium 
Nitrate (LiNO3) as catalyst and palm oils as raw material. These homogeneous catalysis 
systems have many drawbacks. The homogeneous catalyst is very sensitive to FFAs and 
water in the oil feedstock’s and alcohols because the reaction of FFAs with basic 
homogeneous catalyst will forms soaps. The soaps formation will complicates the 
glycerol separation. In addition, Lithium Nirate (LiNO3) is the alkali metal group are 
generally water-soluble. The catalysis over these support alkali metal oxides has been 
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considered. Aluminium Oxide (Al2O3) supported alkali metal (LiNO3) for 
transesterification of palm oil to produces biodiesel. 
 
1.3 OBJECTIVE  
 
The objective in the present study is: 
 
 To determine the best condition in producing biodiesel using Lithium Nitrate 
(LiNO3) supported by Aluminum Oxide (Al2O3). 
 
1.4  SCOPE OF RESEARCH 
 
The scope of research includes:  
 
 To characterization LiNO3/Al2O3 catalyst with various loading LiNO3. 
 To study the effect of important parameters on the transesterification of palm 
oil: 
o Effect loading of Lithium Nitrate (LiNO3) in LiNO3/Al2O3 catalyst.  
o Effect of temperature (°C).  
 
1.5  SIGNIFICANCE OF STUDY 
 
The rationales and significances of this study are: 
 
 Creating a new development technology (catalyst technology) in biodiesel from 
palm oil. 
 LiNO3/Al2O3 catalyst alkali heterogeneous, it is noncorrosive, environmentally 
benign, fewer disposal problem, easily separation, higher selectivity and longer 
catalyst higher. 
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CHAPTER TWO 
 
 
LITERATURE REVIEW 
 
 
2.1       BIODIESEL 
 
Biodiesel is mono-alkyl esters of fatty acids derived from vegetable oils and 
animal fats. It has received increasing levels of attention as a potential alternative green 
fuel due to its non-toxic, sulphur- and aromatic-free, biodegradable and renewable 
material status (Dunn and Knothe, 2001). The physical and fuel properties, i.e. 
kinematic viscosity, specific gravity, calorific value, flash point, and cetane number of 
biodiesel are categorized into the same range as that of petroleum-based diesel fuel. 
Thus, it can be applied to the mass of currently existing compression-ignition diesel 
engines with little or no modifications. The additional advantage is that, like any other 
biomass-derived fuels, the exhaust gas from biodiesel combustion contains no SOx and 
a relatively small amount of CO, unburnt hydrocarbons and particulate matter, 
compared to the combustion of conventional diesel fuel [Ma and Hanna, 1999; 
Ramadhas et al.,2005). 
 
Conventional biodiesel production is performed through the transesterification 
of triglycerides from vegetable oils and animal fats with mono-alkyl alcohols, for 
example methanol and ethanol. The process is usually carried out in the presence of a 
homogeneous base or acid catalyst to reduce the reaction temperature and to control the 
product selectivity. Sodium or potassium hydroxides, carbonates or alkoxides are the 
common base catalysts (Encinar et al., 2002) and the often used acid catalysts are 
sulphuric and hydrochloric acids (Obibuzor et al., 2003). However, these homogeneous 
catalysis systems have many drawbacks. Removal of the catalysts to purify the biodiesel 
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fuel and glycerol by-product is difficult and requires a large amount of water. 
Consequently, a considerable amount of wastewater is inevitably produced. To 
overcome these problems, the transesterification over environmentally benign solid 
catalysts is a promising route 
 
2.2       TRANSESTERIFICATION  
 
Transesterification is the general term used to describe the important class of 
organic reactions where an ester is transformed into another through interchange of the 
alkoxymoiety. When the original ester is reacted with an alcohol, the transesterification 
process is called alcoholysis (figure 2.1) (Otera, 1993). The term transesterification will 
be used as synonymous for alcoholysis of carboxylic esters, in agreement with most 
publications in this field. The transesterification is an equilibrium reaction and the 
transformation occurs essentially by mixing the reactants. However, the presence of a 
catalyst (typically a strong acid or base) accelerates considerably the adjustment of the 
equilibrium. In order to achieve a high yield of the ester, the alcohol has to be used in 
excess. 
 
 
 
Figure 2.1: General Equation of Transesterification Reaction 
 
The applicability of transesterification is not restricted to laboratory scale. 
Several relevant industrial processes use this reaction to produce different types of 
compounds1. An example is the production of PET (polyethylene terephthalate), which 
involves a step where dimethylterephthalate is transesterified with ethylene glycol in the 
presence of zinc acetate as catalyst (figure 2.2) (Weissermel, 1993). Furthermore, a 
large number of acrylic acid derivatives are produced by transesterification of methyl 
acrylate with different alcohols, in the presence of acid catalysts.  
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Figure 2.2: Transesterification of Dimethylterephthalate with Ethylene Glycol. 
 
If the alcohol and the ester groups are present in the same molecule simple 
lactones or macrocycles are formed by an intermolecular transesterification, as shown in 
figure 2.3. Further transesterification reactions can be found in the literature, in which 
metal alkoxides, aluminium isopropoxide, tetraalkoxytitanium compounds and 
organotin alkoxides are applied as catalysts. 
 
 
Figure 2.3: Examples of intermolecular transesterification reactions, forming lactones 
or macro cycles. 
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2.3  ESTERIFICATION  
 
Esterification is simply the reaction between a carboxylic acid and an alcohol 
which is catalyzed, in this case, by a mineral acid, e.g., sulfuric or phosphoric acids.In 
general, the mechanism for esterification follows the following scheme: the compounds 
of the chemical structure R-COOR', where R and R' is either alkyl or aryl groups. The 
most common method for preparing esters is to heat a carboxylic acid, R-CO-OH, with 
an alcohol, R'-OH, while removing the water that is formed. Esters can also be formed 
by various other reactions. These include the reaction of an alcohol with an acid 
chloride (R-CO-Cl) or an anhydride (R-CO-O-COR'). Concluded that the ester product 
(R-CO-OR') is the union of the acyl group (R-C= O-) from the acid, RCO-OH, with the 
alkoxide group (R'O-) from the alcohol, R'-OH rather than other possible combinations. 
Figure 2.4 were show mechanism for esterification. 
 
 
 
Figure 2.4: Acid catalyzed esterification of fatty acid. 
 
According to Ma and Hanna (1999), the free fatty acid (FFA) content in cheaper 
and lower-quality feedstock’s such as waste cooking oil and some crude and recycled 
oils and greases can exceed 10 wt.%. Such FFA must first undergo acid-catalyzed 
esterification before transesterification of the larger triglycerides is carried out using a 
base catalyst. 
 
Marchetti (2008) say the esterify FFA to alkyl esters in the presence of an acidic 
catalyst is a route to improving the use of high FFA oils on biodiesel production. 
Esterification is normally carried out in the homogeneous phase in the presence of acid 
catalysts such as sulfuric and p-toluene sulfonic acids. This pretreatment step has been 
successfully demonstrated using sulfuric acid. 
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2.4 PALM OIL 
 
Palm oil, like other vegetable oils, can be used to create biodiesel, as either a 
simply processed palm oil mixed with petro diesel, or processed through 
transesterification to create a palm oil methyl ester blend, which meets the international 
EN 14214 specification. Glycerin is a by-product of transesterification. The actual 
process used to produce biodiesel around the world varies between countries and the 
requirements of different markets. Next-generation bio fuel production processes are 
also being tested in relatively small trial quantities. 
 
The International Energy Agency (IEA) predicts that bio fuels usage in Asian 
countries will remain modest. But as a major producer of palm oil, the Malaysian 
government is encouraging the production of bio fuel feedstock and the building of 
palm oil biodiesel plants. Domestically, Malaysia is preparing to change from diesel to 
bio-fuels by 2008, including drafting legislation that will make the switch mandatory. 
 
First generation biodiesel production from palm oil is in demand globally. Palm 
oil is also a primary substitute for rapeseed oil in Europe, which too is experiencing new 
demand for biodiesel purposes. Palm oil producers are investing heavily in the refineries 
needed for biodiesel. In Malaysia companies have been merging, buying others out and 
forming alliances to obtain the economies of scale needed to handle the high costs 
caused by increased feedstock prices. New refineries are being built across Asia and 
Europe.  
According to Hamburg-based Oil World trade journal, in 2008, global 
production of oils and fats stood at 160 million tonnes. Palm oil and palm kernel oil 
were jointly the largest contributor, accounting for 48 million tonnes or 30% of the total 
output. Soybean oil came in second with 37 million tonnes (23%). About 38% of the 
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oils and fats produced in the world were shipped across oceans. Of the 60.3 million 
tonnes of oils and fats exported around the world, palm oil and palm kernel oil make up 
close to 60%; Malaysia, with 45% of the market share, dominates the palm oil trade.
 
Palm oil stands out as the least expensive oil to be produced per tonne compared with other 
major vegetable oils. 
 
2.4 CATALYST 
 
A broad definition of catalysis also allows for materials that slow the rate of a 
reaction. Whereas catalysts can greatly affect the rate of a reaction, the equilibrium 
composition of reactants and products is still determined solely by thermodynamics. 
Heterogeneous catalysts are distinguished from homogeneous catalysts by the different 
phases present during reaction. Homogeneous catalysts are present in the same phase as 
reactants and products, usually liquid, while heterogeneous catalysts are present in a 
different phase, usually solid. The main advantage of using a heterogeneous catalyst is 
the relative ease of catalyst separation from the product stream that aids in the creation 
of continuous chemical processes. Additionally, heterogeneous catalysts are typically 
more tolerant of extreme operating conditions than their homogeneous analogues. 
 
2.4.1 HOMOGENEOUS CATALYST 
 
In general, homogeneous processes are characterised by both high chemical and 
high energy utilisation efficiencies but a major deterrent in the further exploitation of 
this methodology has been the perceived inability to readily separate the products from 
the catalysts. Attempts to overcome this difficulty have included ligand modification, 
biphasic catalysis and efforts to support homogeneous catalysts on polymeric and 
inorganic supports. The use of supports for the catalysts has in the past been only 
partially successful as most of these systems have lost catalytic metal species into 
solution during the reactions. 
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Encinar et al (2002) say, the process is usually carried out in the presence of a 
homogeneous base or acid catalyst to reduce the reaction temperature and to control the 
product selectivity. Sodium or potassium hydroxides, carbonates or alkoxides are the 
common base catalysts. 
 
From previous studies by Abiney et al (2008), the fact that homogeneous acids 
such as sulfuric acid need long reaction times, more than the alkaline catalysts, becomes 
a serious problem. These problems can be minimized by use of high catalyst 
concentrations. A further complication of working with high amounts of acid catalyst 
becomes apparent during the catalyst neutralization process, which precedes product 
separation. Since CaO addition during neutralization is proportional to the concentration 
of acid needed in the reactor, high acid concentrations lead to increased CaO costs, 
greater waste formation and higher production costs. According to Zullaikah et al 
(2005), we can be concluding that the main drawback of the pre-esterification method 
consists in the necessity to remove and to neutralize the homogeneous acid catalyst 
from the oil after pre-esterification. 
 
2.4.2 HETEROGENEOUS CATALYST 
 
 In the field of heterogeneous catalysis, numerous carbon materials have been 
used to disperse and stabilize metallic particle. Catalytic properties of these solids are 
known to be dependent upon the interaction between the carbon support and the metal 
particles. Solid-state chemistry of fullerene-based materials is of much interest due to 
the novel electronic properties both of the intercalation compounds of solid C60 and of 
C60 monolayer’s deposited on no alkali metals Furthermore, strong interaction was 
found to exist between nickel clusters and multilayer films of C60. For carbon 
'nanotubes, theoretical calculations show that, depending upon the fiber geometry and 
the curvature of graphitic planes, the nanotubes have metallic or semiconducting 
properties. The aim of the present study is to show the potential of carbon "nanotubes" 
as a support for metal catalysts. 
 
   11 
 
 
 
More recently, there has been an increasing development of heterogeneous 
catalysts, such as NaOH and a series of potassium catalysts supported on alumina say 
by Arzamendi et al (2007). 
 
According to Gryglewicz (1999), there are many advantages of using 
heterogeneous catalyst such as non-corrosive, environmental friendly present fewer 
disposal problems, easier in separation from liquid product and they can be design to 
give higher activity, selectivity and longer catalyst lifetime.  
 
Table 2.1: Major Difference between Homogeneous and Heterogeneous catalyst. 
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Table 2.2: Summary of transesterification process for previous studies 
 
Reaction Catalyst  Finding Arthor 
Transesterification of palm oil Aluminum Oxide 
(Al2O3) 
The catalyst is catalytically active, giving a high 
triglyceride conversion. 
Ebiru et al. (2005) 
Xie et al. (2006) 
Xie and Li (2006) 
Transesterification of palm crude oil Potassium and 
Aluminum Oxide 
The catalysis over these supported alkali metal 
oxides has been considered to occur through the 
homogeneous route to a significant extent  
 
Alonso et al. (2007) 
Transesterification of vegetable oil   
Base catalyst 
Base catalyst to the transesterification of soybean 
oil, showing a comparable performance to the 
conventional homogeneous NaOH catalyst.  
 
Kim et al. (2004) 
Transesterification of rapeseed oil 
with ethanol  
 
Heteropolyacids (HPA) 
with Keggin structure  
Higher transesterification rates were obtained with 
ethanol than methanol in presence of HPA. 
Homogeneous catalyst even with presence of HPA 
would lead to serious contamination problems as 
used acids neutralization and equipments corrosion.  
 
Morin et al. (2007) 
44 
 
 
 
 
 
Figure A.2: Samples catalyst taken after the reaction study. 
 
 
 
Figure A.3: Samples taken after the reaction study. 
